Bird mixed flocks including Cypsnagra hirundinacea and Neothraupis fasciata as species with sentinels were studied in "campo-cerrado" in order to investigate the possible relationship between alertness and the mixed flock leadership. This study was conducted from March to September 1996 and mixed flocks were observed on average for 2:30h. The time with sentinels were recorded for C. hirundinacea and N. fasciata. The sentinels of Cypsnagra hirundinacea performed most of the vigilance (time with sentinel was on average 42 ± 17%, 41 ± 17% of which by C. hirundinacea, whereas only 1.2 % by N. fasciata) and gave all the alarm calls recorded (54% of the encounters with raptors stimulated alarm calls). A relationship was verified between time with sentinel and the rate of encounters with raptor (ANOVA, F = 3.0, P < 0.05). The results of this study are an evidence for the anti-predatory function of mixed flocks, in campo-cerrado, and the alertness as a major feature of a leader species, since C. hirundinacea always led those flocks.
INTRODUCTION
Bird mixed flocks are commonly found on a wide range of neotropical habitats, from tall rain forest to savannas (Munn & Terborgh, 1979; Alves & Cavalcanti, 1996) . Among the hypotheses related to the advantages of this heterospecific social organization is the predator avoidance, due to the increased surveillance. Birds in flocks are better protected by their sum of vigilance effort (Pullian, 1973) . As a consequense, individual effort is reduced and more time is available for activities such as food search (Metcalfe, 1984; Sullivan, 1984a; Beveridge & Deag, 1987; Hogstad, 1988; Popp, 1988; Carrascal & Moreno, 1992) . Mixed flock formation and cohesion are dependent on bird responses to one another (Powell, 1985) . In this respect, the role of nuclear species has been pointed out as remarkable to flock cohesion maintenance (Moynihan, 1962; Greig-Smith, 1978; Munn & Terborgh, 1979; Powell, 1979 Powell, , 1985 Alves & Cavalcanti, 1996) . Nuclear species is the one around which foraging activity is organized. In a quantitative sense, among the criteria used to identify them, is their propensity to be positioned in the front during flock's displacements (Rand, 1954; Greig-Smith, 1978; Powell, 1985) . Several features of nuclear species are assumed as responsible for the attraction of attendant species (see Powell, 1985, and discussion in Huto, 1994) . However, the alertness of nuclear species has been poorly stressed (but see Munn & Terborgh, 1979; Gaddis, 1980) . Alves & Cavalcanti (1996) studied mixed flocks in "cerrado" sensu stricto (Eiten, 1994) and found nuclear function in Neothraupis fasciata. Sentinels guarded groups of this species, wich was assumed as remarkable for the nuclear function, as the result of the protection provided by them.
In the "campo-cerrado" (a kind of Brazilian savanna more open than cerrado sensu stricto, Eiten (1994) mixed flocks may include N. fasciata and Cypsnagra hirundinacea. The latter is absent from closed cerrado (Ridgely & Tudor, 1994; Sick, 1997) . These two species of tanagers are social and occurr in groups of two to six birds, or even more (Alves, 1990; Ridgely & Tudor, 1994; Ragusa-Netto, 1997a; Sick, 1997) . Individuals of both species may be seen prominently perched, apparently watching about. Also, several species of raptors live in this site and have been seen threatening birds in mixed flocks with close low flight and attacks (Ragusa-Netto, 1999) . In this respect one of the main functions of those flocks may be anti-predatory and the presumable surveillance performed by prominently perched birds is likely to play a significant role. In order to investigate the possible relationships between alertness and the status of leader (nuclear) species, I selected mixed flocks which included those two species of tanagers. Thus, in this study I verified: a) composition and size of mixed flocks including C. hirundinacea and N. fasciata, b) time with prominently perched birds, c) the possible function of prominently perched birds d) the leader species of flocks and e) the possible relationship between alertness and flock leadership.
STUDY SITE AND METHODS
I studied mixed flocks from March to September 1996 in a campo-cerrado in Brotas (São Paulo State, 22°11'S, 47°54'W, altitude 750 m). The site area is approximately 1,500 ha, and the vegetation consists of bushes and small trees (heights ± 1-6 m), interspersed with open grassy areas. Mean annual temperature is 19.7°C and mean annual rain fall around 1,430 mm. There is a wet-hot season extending from October to March and a dry-cold season from April to September, when temperature often drops to 2°C or even less and frosts may occur. As a result, a large number of trees and bushes simultaneously drop their leaves.
In order to find the birds I walked 11.5 km of trails in the campo-cerrado. Twelve points (1,000 m away from each other) were selected in the trails from where I started walking. Starting points and the direction to be followed were randomized by lot without replacement. Observations were developed from 07:00 to 11:30 h and from 13:00 to 17:30 h. Only one mixed flock was studied in each period. If the flocks were lost from view within 1 hr, the observation period was discarded. Observation periods were also discarded if the leader species started confrontations towards conspecifics before 1 h had passed. In that case, I abandoned the flock and tried to study another one. If confrontations started after 1 h, I interrupted the observation and took it as a replicate for statistical analysis. This was done to assure the observation of only a flock per period. On average, 35 h were employed monthly in the attempt to study the mixed flocks. Birds were watched through 8 x 30 binoculars, and the observations were dictated into a portable recorder for later transcription. When an appropriate flock (including only C. hirundinacea and N. fasciata with presumable sentinels) was found, I waited 5-10 min to allow the birds to become habituated. After that, I registered: a) bird species, b) flock size, c) time with at least one prominently perched bird, d) raptors seen while flocks were observed and e) bird reaction to raptors. I almost continuously observed the prominetly perched birds to check if they were doing regular rotatory movements of the head holding the bill horizontally positioned, once the performance of those movements suggests the bird is vigilant.
Birds were assumed to be in a mixed flock if at least one species followed another one for more than five minutes. The semi-open vegetation made it possible to distinguish that one species started and conducted a flock displacement. Thus, in this study, the leader species was defined as the one followed by the others, during a period of observation. The leader species is thought of as nuclear because it was always joined and followed by other species (Moynihan, 1962; Munn & Terborgh, 1979; Powell, 1985) . I distinguished contact calls and alarm calls through bird responses. Contact calls caused the cohesion of a group and were conspicuously given when a member from a group started a displacement. Alarm calls were identified by the instantaneous evasive response of birds. To normalize data for statistical analysis, percentages of time with birds prominently perched were transformed using the arcsine function. Statistical procedures followed Sokal & Rohlf (1981) .
RESULTS
I studied 30 mixed flocks including C. hirundinacea and N. fasciata. Flocks were directly observed for a total of 72 h. Mean observational period per flock was 2:30 h. C. hirundinacea was always the species followed. The mixed flock often spent some time foraging at a given place. After that, a member of the group of C. hirundinacea started to give contact calls and displaced for 20-40 m. Fellow group members responded with the same calls and flew close to the leader. Soon after, the other species in the flock did the same. This pattern of displacement made it simple to identify the leader species. Table 1 shows the species recorded in the mixed flocks, their frequency of occurrence and mean number of individuals per group. Most species are in the Emberizidae, and almost all were passerines, except for two woodpeckers (Picoides mixtus and Veniliornis passerinus). The mean (± s.d.) number of species per mixed flock was 5.5 ± 1.8 and the mean flock size was 14.4 ± 4.7 birds. The species number and flock size were significantly correlated (r = 0.71, p < 0.05, Pearson correlation). The group size of C. hirundinacea and N. fasciata was larger than most other species (Table 1) .
The individuals of C. hirundinacea and N. fasciata observed prominently perched constantly turn their head, first to one side, then to the other, holding the bill horizontally positioned. Most importantly, those birds gave loud calls (alarm calls, see results bellow) to which all fellow group members and other bird species responded by escaping into cover. Birds of both species took turns to watch about; two or more prominently perched birds watching about were seldom present at the same time.
On average, at least one prominently perched bird was present 42 ± 17 % of the time (C. hirundinacea = 41 ± 17%; N. fasciata only 1.2%). Several species of raptors encountered with the mixed flocks. I observed that an approaching raptor regularly triggered alarm calls, which were always given by prominently perched birds of C. hirundinacea (54% of the encounters (N = 24) with raptors stimulated alarm calls, Table 2 ). Encounters between raptors and mixed flocks varied from distant to close low flight. Apparently, the threatening degree was related to variables such as raptor species, distance between raptors and flocks, encounter patterns of each species of raptor, among others. As there was not a specific and uniform pattern of encounters between raptors and mixed flocks, all kinds of encounters were grouped in classes according to raptor encounter per hour, for the statistical analysis.
The rate of encounters between raptors and flocks was significantly related to time with prominently perched birds (ANOVA, F = 3.0, p < 0.05, Fig. 1 ).
Species

% Occurrence Mean group size
Cypsnagra hirundinacea 100 4.8 ± 1.5
Neothraupis fasciata 100 3.6 ± 0.9
Emberizoides herbicola 97 2.3 ± 1.4 
DISCUSSION
Sentinels have been reported in some species of group living birds (Andrews & Naik, 1970; Gaston, 1977; Wickler, 1985; Verbeek & Butler, 1981; Ferguson, 1987; McGowan & Woolfenden, 1989) . While prominently perched, they can earlier detect predators and alert those being protected, which are commonly busy in foraging activities. In this way, the increased perception of sentinels may substantially lower the risk of predation (McGowan & Woolfenden, 1989) . In this study, prominently perched birds watching about earlier gave all alarm calls recorded in the presence of raptors, warning foraging birds. This pattern of responses suggests sentinel function to prominently perched birds. In the studied mixed flocks, this duty was largely performed by C. hirundinacea, the species which was always followed by the others.
The campo-cerrado is a semi-open habitat where birds are vulnerable while foraging, mainly on the ground or close to it (Lendrem, 1983) . In the study site, birds prominently perched, presumably watching for predators have been observed in other species such as Saltator atricollis, Mimus saturninus and Cyanocorax cristatellus (pers. obs.). In the same area, I observed many attacks of raptors (Falco femoralis and F. sparverius) to mixed flocks. Successful attacks were avoided due to alarm calls given by prominently perched birds ("sentinels"), which instantaneously drew all birds to inside cover (Ragusa-Netto, 1999) . The possible occurrence of sentinel behavior in several campo-cerrado bird species, together with a high raptor threatening degree, stressed the alertness as an anti- predatory device. An evidence of the implications of this adaptations is that several less alert bird species always closely followed the ones guarded by sentinels and never the other way round (Ragusa-Netto, 1999 , this study).
Nuclear species features such as high sociability, regularity of contact calls and active movements, besides a front position during flock displacements, fit to C. hirundinacea. Furthermore and most importantly, this species revealed high alertness. Munn & Terborgh (1979) reported sentinel species (Thamnomanes) in Amazonian mixed flocks, classifying them as nuclear. The authors emphasized that their alarm calls benefited all the birds in the flocks. Gaddis (1980) pointed out that the complex of anti-predatory adaptations of a species play a major role in the attraction of others to the flocks. Thus, the status of nuclear species is intimately tied to the alertness. Sullivan (1984a) showed benefits for attendant species in mixed flock due to the exploitation of the nuclear species alertness. The attendant species increased foraging efficiency as a consequence of the decreased time for scanning. Ragusa-Netto (1997b) found evidence for foraging benefits to Furnarius rufus in the presence of Mimus saturninus, a highly social and alert species. The alertness in M. saturninus was suggested as the main characteristic attracting F. rufus to foraging close to them. Alves & Cavalcanti (1996) found evidences for benefits to N. fasciata, the nuclear species in the cerrado flocks. Sentinels of this species were present for less time, in mixed flocks than in conspecific groups, presumably as the result of better protection provided for the flocks.
In this study, time with sentinel was related to the rate of encounters between raptors and mixed flocks. Apparently, mixed flocks were better guarded as the threatening level increased. This result resembled the seasonal pattern of sentinel performance verified for Aphelocoma coerulescens, parallel to the seasonal abundance of raptors (McGowan & Woolfenden, 1989) . Also, in some studies a relationship was verified between time employed to scanning and the risk of predation (Lazarus, 1979; Caraco et al., 1980; Hegner, 1985) .
In the studied mixed flocks, evidence also emerged for benefits to the species by exploiting each other's vigilance. The vigilance done by sentinels of N. fasciata, for example, was extremely low, while in the presence of C. hirundinacea. In the mixed flocks studied in the cerrado (Alves & Cavalcanti, 1996) , where C. hirundinacea was absent, the proportion of time guarded by sentinels of N. fasciata was many times higher. In the campocerrado, although sentinels were identified in N. fasciata, their behavior in the mixed flocks was more similar to the one of the attendant species. N. fasciata was presumably benefited by saving vigilance time, mainly while exploiting the alertness of C. hirundinacea. Willis (1972) presented evidence for bird mixed flocks as a direct adaptation to aerial predators. In Hawaii, a land without raptors, mixed flocks are absent. Morse (1973) studied mixed flocks in temperate forest and suggested the antipredatory function to flocks as the result of the low rate of successful attacks by raptors. The alarm calls of parids were meaningful to prevent predation. Székely et al. (1989) experimentally verified a larger size of mixed flocks when a raptor was common in the study site. On the other hand, in the raptor absence, mixed flocks were smaller. Powell (1985) reviewed the several selective factors related to neotropical mixed flocks evolution. The predator effect is cited as the main selective factor and the predator avoidance hypothesis is widely accepted as the major advantage to neotropical mixed flocks. In this study, the variation in the time with sentinel in relation to raptor presence, the exploitation of alarm calls (Sullivan, 1984b) and the possible benefits to flocking species as exemplified by N. fasciata are in accordance to the concepts of the alertness as a main feature of the nuclear species and the anti-predatory function of mixed flocks.
